Introduction {#Sec1}
============

Type 2 diabetes, formerly known as non-insulin dependent diabetes, is caused by insulin resistance leading to high levels of glucose in the blood. Patients diagnosed with type 2 diabetes are known to have a higher incidence of thrombotic complications (Frankel et al. [@CR6]). Multiple causes have been proposed to explain the observed prothrombotic state. With respect to this prothrombotic state, endothelial activation has been shown to occur in patients suffering from type 2 diabetes (Natali et al. [@CR14]). Von Willebrand factor (VWF) is a multimeric glycoprotein produced by vascular endothelial cells and is frequently used as a marker for endothelial activation (Sadler [@CR16]; Ruggeri [@CR15]; Blann [@CR1]). When endothelial cells become activated, VWF and its propeptide are released from the Weibel--Palade bodies in equimolar concentrations (Wagner et al. [@CR21]). VWF propeptide has a five- to sixfold shorter half-life compared to VWF. Therefore, the ratio of VWF/pro-VWF can be used to study acute versus chronic endothelial cell perturbation (van Mourik et al. [@CR17]; Hollestelle et al. [@CR9]; Vischer et al. [@CR20]).

Our group has studied VWF having different conformations with VWF in a glycoprotein Ib (GPIb)-binding conformation as a major interest. Under normal circumstances, VWF is in a latent conformation, unable to bind GPIb on platelets. After endothelial perturbation, VWF is secreted in long stretches of multimers. The newly secreted ultra-large VWF is in its active conformation, able to bind spontaneously to the platelet receptor GPIb. This activity is downregulated by ADAMTS13, which is able to cleave the ultra-large VWF in smaller polymers of VWF. Under certain pathological conditions, activated VWF is present in the circulation in increased concentrations. With a specific antibody directed against the "active" conformation of VWF (spontaneous binding to platelet--receptor glycoprotein Ib), increased levels of active VWF could be demonstrated in various patients suffering from thrombotic complications (Groot et al. [@CR8]; de Mast et al. [@CR3]; Hollestelle et al. [@CR10]; Jezovnik and Poredos [@CR12]).

Several studies demonstrated that increased VWF levels are associated with age (Vischer [@CR19]; Gill et al. [@CR7]; Coppola et al. [@CR2]; Favaloro et al. [@CR5]). In particular, high levels of VWF antigen were demonstrated in centenarians showing that even at high age, VWF levels are still continuing to increase (Coppola et al. [@CR2]). How age affects VWF levels in patients with diabetes is unknown. Furthermore, it is not known if and how VWF propeptide levels and active VWF are affected due to aging and whether they correlate with age. In the present study, we investigated VWF in type 2 diabetic patients by measuring active VWF together with VWF antigen and VWF propeptide levels. These results were correlated with age, duration of diabetes and other related clinical parameters.

Methods {#Sec2}
=======

Patients and control participants {#Sec3}
---------------------------------

To determine the relationship of VWF-related parameters in type 2 diabetic patients, we studied a group of 75 type 2 diabetic patients, recruited between October and November 2007 in Liaocheng People' Hospital and Department of Aging Medicine, Taishan Medical University. The diagnosis was according to American Diabetes Association criteria (Ediger et al. [@CR4]). Patients with additional inflammation complications were excluded from the study. It was based on clinical symptoms and the ruling out of common bacterial and viral pathogens, damaged cells or irritants that cause acute high-grade inflammation. Fifty-nine healthy volunteers were included in the study to serve as controls. The control participants did not have major chronic medical illnesses and were not taking any medication known to influence VWF-related parameters. No clinically significant abnormalities were found during the physical examination. Participants were not anaemic and had normal liver and kidney function. The institutional review board of Liaocheng School of Clinical Medicine, Taishan Medical University approved the study. The study has been executed according to the Declaration of Helsinki. All participants gave written informed consent.

VWF-related parameter measurements {#Sec4}
----------------------------------

Venous blood samples were collected in 0.129 M trisodium citrate. The samples were centrifuged at 2,000×*g* for 20 min at 4°C and platelet-poor plasma was stored at −70°C. VWF antigen was measured by enzyme-linked immunosorbent assay using a rabbit anti-human VWF polyclonal antibody (DAKO, Glostrup, Denmark) for both VWF capture and detection. VWF propeptide antigen was measured by using in-house assay based on polyclonal rabbit-anti human propeptide antibodies (van Schooten et al. [@CR18]). The VWF activation factor was determined by measuring the levels of activated VWF that specifically recognizes the active, GPIb-binding conformation by using the AU/VWFa-11 llama-derived nanobody, as described by (Hulstein et al. [@CR11]). The VWF activation factor was calculated by dividing the absorbance slope of a patient sample to the slope of the corresponding standard sample (normal plasma from a pool of more than 150 adult donors served as standard, NPP) and correct them for VWF antigen levels. By using this method, the VWF activation factor is calculated, which describes the ratio of total active VWF per micrograms per milliliter VWF antigen. Total active VWF was calculated by multiplying the VWF activation factor with the VWF antigen levels and describes the number of active VWF expressed in percentages. NPP was set at 100%. The NPP contained 48 nM VWF antigen and 6.3 nM of VWF propeptide.

Statistical analysis {#Sec5}
--------------------

All data were presented as a median and interquartile range and compared using a Mann--Whitney and Wilcoxon test, unless otherwise stated. The Spearman correlation coefficient was calculated to determine the relationship between VWF-related parameters/age and VWF-related parameters/years of diabetes. A nonparametric ANOVA Kruskal--Wallis test and Dunn\'s post test were performed to compare the different VWF-related parameters. All reported *P* values are calculated based on two-sided tests. A *P* value \<0.05 was considered to be statistically significant. The statistical analyses were performed with SPSS software, version 15.0. The graphics were made by GraphPad and Instat software (San Diego, CA, USA).

Results {#Sec6}
=======

The characteristics of the type 2 diabetic patients and the controls {#Sec7}
--------------------------------------------------------------------

The characteristics of the type 2 diabetic (*n* = 75) and the controls (*n* = 59) are summarized in Table [1](#Tab1){ref-type="table"}. The patients and controls were divided into two groups: individuals below 60 years of age and individuals who are above 60 years of age. Glucose levels were significantly elevated in both diabetic patient groups, independent of age (*P* \< 0.001 and *P* \< 0.01). The older patients had a significantly higher incidence of hypertension (54%) and coronary artery disease (41%) (*P* \< 0.05 and *P* \< 0.001, respectively) compared to diabetic patients below 60 years (29% and 3%, respectively). Furthermore, no difference was observed between the period of established diabetes in patients below or above 60 years of age (median in younger patients 6 years and in older patients 9 years, *P* \> 0.05).Table 1The characteristics of study participantsBelow 60 yearsAbove or equal 60 yearsPatients (*n* = 34)Controls (*n* = 45)*P* valuePatients (*n* = 41)Controls (*n* = 14)*P* value*P* value, diabetesDemographics Age, years49.3 ± 8.344.8 ± 9.10.02668.7 ± 6.367.4 ± 5.3NS\<0.001 Female sex17 (50%)24 (53%)NS18 (44%)3 (21%)NSNS Duration of diabetes6.1 ± 5.5--9.1 ± 7.9--NS BMI25.4 (23.2--28.7)24.3 (23.5--26.4)NS24.4 (22.3--26.5)25.7 (22.7--27.5)NSNS Platelets (10^9^/L)197 (168--272)173 (156--224)NS199 (173--252)188 (152--216)NSNS Glucose (mM)8.2 (6.5--11.2)4.4 (3.6--5.7)\<0.0018.1 (6.1--10.3)5.6 (5.3--6.8)0.002NS HbA1c (%)7.6 (6.2--11.0)----7.9 (7.0--11.4)----NS LDL (mM)3.0 (2.4--3.7)2.2 (1.8--2.5)0.0013.1 (2.5--3.5)----NS HDL (mM)1.2 (1.0--1.4)1.1 (0.9--1.3)NS1.2 (0.1--1.4)----NS Triglycerides (mM)1.7 (1.3--2.5)0.7 (0.5--1.1)\<0.0011.2 (0.9--1.7)----0.001 SP-D (ng/ml)769 (356--1,219)265 (206--421)\<0.001661 (262--1,131)279 (216--343)0.013NS Systolic pressure (mmHg)130 (120--140)----135 (120--150)----NS Diastolic pressure (mmHg)80 (80--90)----80 (70--89)----0.015 Hypertension10 (29%)----22 (54%)----0.035 Coronary artery disease1 (3%)----17 (41%)----\<0.001 Peripheral vascular disease0 (0%)----2 (5%)----NS Cerebrovascular accident2 (6%)----4 (10%)----NSPlus--minus signs are mean ± standard deviation (SD)*SP-D* surfactant protein D, *BMI* body mass index, *LDL* low-density lipoprotein, *HDL* high-density lipoprotein

The relationship between the VWF-related parameters and age in diabetic patients and controls {#Sec8}
---------------------------------------------------------------------------------------------

At first, we investigated within the group of controls and the group of diabetic patients for possible associations between VWF and age. In the controls, we observed a correlation between age and VWF antigen as well as between age and total active VWF (*R*~s~ = 0.352, *P* \< 0.01 and *R*~s~ = 0.259, *P* \< 0.05, respectively, Table [2](#Tab2){ref-type="table"}). In diabetic patients, correlations between VWF antigen and total active VWF were also observed (*R*~s~ = 0.236, *P* \< 0.05/*R*~s~ = 0.350, *P* = 0.002, respectively, Table [2](#Tab2){ref-type="table"}). In contrast to the control population, VWF propeptide and the VWF activation factor also correlated strongly with age in diabetic patients (*R*~s~ = 0.394, *P* = 0.001 and *R*~s~ = 0.373, *P* = 0.001, respectively, Table [2](#Tab2){ref-type="table"}).Table 2Correlations between VWF-related parameters and agePatientsControls*R*~s~*PR*~s~*P*VWF0.2360.0450.3520.006VWF propeptide0.3940.0010.212NSVWF activation factor0.3730.0010.027NSTotal active VWF0.3500.0020.2590.048The Spearman correlation coefficient *R*~s~ and the *P* value were calculated to determine the relationship between VWF-related parameters and age*VWF* von Willebrand factor

Duration of diabetes and VWF-parameters {#Sec9}
---------------------------------------

Next, we analyzed whether there is a positive correlation between the period suffering from diabetes and VWF-related parameters. A significant positive correlation between VWF propeptide and years of diabetes was observed (*R*~s~ = 0.395, *P* \< 0.05, Table [3](#Tab3){ref-type="table"}). The amount of total active VWF also proved to be positively associated with the time of having type 2 diabetes (*R*~s~ = 0.323, *P* \< 0.05, Table [3](#Tab3){ref-type="table"}). No association was observed between the VWF-related parameters and glucose levels or HbA1c levels.Table 3Correlations between VWF-related parameters and the duration of diabetesPatients*R*~s~*P*VWF0.2880.075VWF propeptide0.3950.017VWF activation factor0.1690.297Total active VWF0.3230.045The Spearman correlation coefficient *R*~s~ and the *P* value were calculated to determine the relationship between VWF-related parameters and suffering years of diabetic patients*VWF* von Willebrand factor

Differences between VWF parameters and the patient and control groups divided by age {#Sec10}
------------------------------------------------------------------------------------

We investigated possible differences between the controls and diabetic patients regarding VWF and age. No significant difference of VWF antigen levels was observed between the controls and diabetic patients below and above 60 years (Fig. [1](#Fig1){ref-type="fig"}). We did find that VWF propeptide (Fig. [2](#Fig2){ref-type="fig"}), VWF activation factor (Fig. [3](#Fig3){ref-type="fig"}) and total active VWF (Fig. [4](#Fig4){ref-type="fig"}) were significantly elevated in diabetic patients \>60 years of age in comparison to their controls (*P* = 0.004, *P* \< 0.001 and *P* = 0.001, respectively) and diabetic patients below 60 years of age (*P* = 0.01, *P* \< 0.001 and *P* \< 0.01, respectively). In addition, we found that the total active VWF was also increased in younger diabetic patients in comparison to their corresponding controls (*P* \< 0.05, Fig. [4](#Fig4){ref-type="fig"}). Because the number of patients with hypertension and coronary artery disease was relatively low in our patient population (Table [1](#Tab1){ref-type="table"}), no significant difference in VWF-related parameters could be observed between patients with or without hypertension and with or without coronary artery disease (data not shown).Fig. 1VWF antigen in type 2 diabetes patients and controls, which were divided by age below and above 60 years of age. Individual values of the VWF antigen are shown as *closed circle* for patients or controls. *Bars* represent the means of each group (in nanomolar)Fig. 2VWF propeptide in type 2 diabetes patients and controls, which were divided by age below and above 60 years of age. Individual values of the VWF propeptide are shown as *closed circle* for patients or controls. *Bars* represent the means of each group (in nanomolar); note the statistic differences in scale between the respective groups. The image analyses were performed with Graph Pad Instat software, version 4.00 (San Diego, CA, USA)Fig. 3VWF activation factor in type 2 diabetes patients and controls, which were divided by age below and above 60 years of age. Individual values of the VWF activation factor are shown as *closed circle* for patients or controls. The VWF activation factor was calculated by dividing the absorbance slope of a patient sample to the slope of the corresponding standard sample. And the VWF activation factor as a percentage of active VWF is described per micrograms per millilitre VWF antigen. *Bars* represent the means of each group; note the statistic differences in scale between the respective groups. The graphics was made by GraphPad and Instat software (San Diego, CA, USA)Fig. 4The total active VWF in type 2 diabetes patients and controls, which were divided by age below and above 60 years of age. Individual values of the total active VWF are shown as *closed circle* for patients or controls. Total active VWF was calculated by multiplying the VWF activation factor with the VWF antigen levels. NPP was set at 100%. The NPP contained 48 nM VWF antigen and 6.3 nM of VWF propeptide. *Bars* represent the means of each group; note the statistic differences in scale between the respective groups. The graphics was made by GraphPad and Instat software (San Diego, CA, USA)

Discussion and conclusion {#Sec11}
=========================

Discussion {#Sec12}
----------

Type 2 diabetic patients older than 60 years of age had increased levels of total active VWF, VWF activation factor and VWF propeptide compared to younger patients and controls. We also found that the total active VWF was associated with the time of being diagnosed with diabetes, indicating that probably the total active VWF is the best marker in this patient population for endothelial activation and endothelial damage. The increased incidence of vascular complications in patients above 60 years aging is probably reflected by increased levels of the VWF parameters measured. This is in line with previous studies which showed that the active quality of VWF is increased in various severely ill patient populations suffering from thrombocytopenia, thrombotic complications or both (Groot et al. [@CR8]; de Mast et al. [@CR3]; Hollestelle et al. [@CR10]; Jezovnik and Poredos [@CR12]).

One of the limitations in this study is the limited number of diabetic patients with vascular disease (Table [1](#Tab1){ref-type="table"}), and this perhaps could explain why we did not observe any association between the VWF-related parameters and vascular disease in aging diabetic patients (data not shown). Furthermore, the number of female controls above 60 years is lower, although not significant, compared to the patients above 60 years. Larger studies are needed to confirm our findings.

All parameters correlated positively with age in patients. In contrast, VWF antigen and total active VWF correlated positively with age in the controls only. This is in agreement with results found in previous studies showing increased VWF levels are associated with age (Gill et al. [@CR7]; Coppola et al. [@CR2]; Favaloro et al. [@CR5]). Next to age, also the period of having diabetes correlated with VWF propeptide and total active VWF, indicating that the duration of the diabetic process influences the endothelium and thereby promotes VWF secretion. When patients and controls were not subdivided by age, we observed a significant difference for VWF antigen between patients and controls (*P* = 0.018), similar to previous results found in literature (van Mourik et al. [@CR17]; Vischer et al. [@CR20]). However, when the patients and controls were divided by age below and above 60 years of age, VWF antigen levels were not significantly different between the patients and the controls. Probably, we did not find the difference between the subgroups due to the known large variation of VWF antigen levels and smaller size of the groups. Previously, it was shown that VWF is an independent risk factor for the incidence of diabetes (Meigs et al. [@CR13]). Our study shows that the difference for additional VWF-related parameters in patients and controls were more pronounced in type 2 diabetic patients above 60 years of age. Furthermore, no correlation was observed between an inflammation marker, like pulmonary surfactant protein D, and any of the VWF parameters (data not shown).

Together, our data demonstrate that endothelial cell activation and the release of active VWF could be key features of aging type 2 diabetic patients, in particular in patients above 60 years of age. From our data, it has become clear that the "active quality" of VWF is more important than the quantity. The current work could be of high interest because it provides indications that the active quality of VWF plays a significant role in the diabetic disease during the development in age and could be of help in designing new therapeutic strategies against the diabetic complications. Furthermore, potential implications of our results could be to get better insigne which patients are at risk of extra thrombosis complications due to high active VWF levels, as especially was observed in patients above 60 years.
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